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ABSTRACT 


The Geckonid skulls studied show marked reduction of the usual Lacertilian 
bones; lacrimal and jugal are absent, and only one bone lying in the temporal region 
behind the orbit is represented, but since it does not effect contiguity with the hinder 
element of the temporal arch, the skull is gymnokrotaphic. Both meso- and meta 
kinetic intracranial types of motion are represented. 'The epipterygoid is not 
diarthrotically connected with the parietal but by means of a ligament with the 
prootic. While retaining the usual Lacertilian cranial pattern, the reduction of the 
membrane bones of the temporal region and the resultant gymnokrotaphy must be 
considered as degenerative. 
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INTRODUCTION 


The remarkable desert form, Palmatogecko rangei has been studied by Anderson 
(1908) and Proctor (1928), but these authors were concerned exclusively with points 
of faunistic interest. The skeleton including the skull has never been investigated. 
Oedura karroica (the “ Oedura vivaria” of Boulenger, 1910) has fared no better. 
Tts permanent name was given by Hewitt (1925). 

Very little work has been done on the cranial anatomy of the Geckonids. 
Hatfferl (1921) investigated the skull of Platydactylus annularis, and Brock (1929) 
described some stages in the cranial ontogeny of Lygodactylus capensis and Pachy- 
dactylus maculatus maculatus (imcorrectly referred to by Brock as Pachydactylus 
maculosa). ln 1938 the latter author investigated the cranial muscles of Geckoes 
and discussed the comparative anatomical aspects of Lacertilian cranial musculature 
in general. 


MATERIAL AND TECHNIOUE 


The adults of both Palmatogecko rangei and Oedura karroica were decalcified 
in Ebner's solution for three weeks, then bulk-stained in borax carmine and counter- 
stained in Azan. 

The skull of both P. rangei and 0. karroica was cut at a uniform thickness of 
15u. Drawings were made with the aid of the Phanphot projection apparatus, and 
the skulls and nasal capsules were graphically reconstructed, such reconstructions 
being based upon drawings made with the above mentioned apparatus in conjunction 
with the micrometer scale and graph paper. 


THE NASAL CAPSULE OF PALMATOGECKO RANGEI (ANDERSON) 
COMPARED WITH THAT OF OEDURA KARROICA (HEWITT) 


NASAL REGION 


The anterior part of the cartilaginous capsular roof is curved to form the two 
cartilagines cupulares (Gaupp, 1898) separated by the fused premaxillaries, and 
extending back some distance before uniting. 

Situated medially on the antero-ventral aspect of the nasal capsules are the 
paired foramina apicalia. 'These foramina are present in P. rangei, Xantusia (Young, 
1943), Gerrhosaurus (Malan, 1940) and in a large number of other lizards. 'The 
foramen apicale in O. karroica is represented by two deep grooves: probably a 
secondary character derived from the closed condition found in P. rangei. 

The ramus medialis nasi of Va passes laterally through the foramen together with 
a blood vessel, and both open on to the snout. In O. karroica this nerve and a blood 
vessel lie in grooves which are in a similar position as the foramina of P. rangei 

The fenestra narina is large in both lizards. In P. rangei the antero-ventral 
edge is bounded by the processus alaris inferior which is fairly short and broad, but 
in O. karroica this process is narrower and longer. 'The processus alaris superior 
is apparently absent in both lizards, as in Platydactylus (Hafferl, 1921). A narrow 
strip of cartilage is found in P. rangei along the latero-dorsal edge of the fenestra 
narina and might possibly oorrespcnd to this process, connecting the tectum with the 
solum. 'This structure is absent in O. karroica (Figs. 1A and B). 
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Fig. 1A 


Graphic reconstruction of the nasal capsule of Oedura karroica, norma ventralis. 


CCU — cartilago cupolaris; CECTO — cartilago ectochoanalis; CN — concha nasalis; CPAR — 
cartilago paraseptalis; PAINF — processus alaris inferior; PLANT — planum antorbitale; 
PMP — processus maxilaris posterior; SN — septum nasi; ZA — zona annularis. 


In Lacerta agilis the processus alaris superior divides the fenestra narina into 
anterior and posterior bays, the latter of which is on a slightly higher level. 'The 
duct of the glandula nasalis lateralis runs in an anterior direction along the outside 
of the capsule and passes into the nasal passage through the posterior bay (Gaupp, 
1898). 

In P. rangei and O. karroica the ductus glandulae nasalis lateralis passes 
into the olfactory vestibulum through its own foramen. ln P. rangei this duct 
opens into the vestibulum behind the Zona annularis in the region of the concha, 
while in O. karroica it opens more anteriorly. 

The glandula nasalis lateralis in P. rangei and O. karroica lies in a lateral longi- 
tudinal groove; from this anterior position in the nasal capsule, it passes inwards 
through the conchal aditus and comes to lie in the cavum conchale of the concha 
nasalis. 

The floor of the solum nasi is incomplete in both P. rangei and O. karroica, but 
the degree of development is more advanced in P. rangei than in O. karroica. (Fig. 
1A and B.) 'The floor is incomplete posteriorly, but, in comparison with Xantusia 
(Young, op. cit.), and Chamaesaura (du Plessis, 1944), it is fairly well developed. 

The fenestra narina is bounded posteriorly by the zona annularis and medially 
by the anterior part of the septum nasi; anteriorly it is bounded only by the cartilago 
cupulares. 'The medial portion of the cartilagines cupulares is fairly broad in both 
lizards. 'The cartilagines cupulares are much better developed in P. rangei and are 
considerably broader than those of O. karroica (Figs. 1A and B). 

The lamina transversalis anterior (de Beer, 1930) is broad in both P. rangei 
and O. karroica; it forms the anterior floor of the organ of Jacobson in front of its 
opening into the buccal cavity; beyond this opening the floor is non-cartilaginous, 
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Fig. IB 


Graphic reconstruction of the nasal capsule of Palmatogecko rangei, norma ventralis. 
FA — foramen apicale. For further references see previous figure. 


being formed by the vomers. Projecting medially and posteriorly from the lamina 
transversalis anterior, and lying alongside the septum nasi, is a broad and well- 
developed cartilago paraseptalis, slightly better developed in P. rangei than in O.' 
karroica. The cartilagines paraseptales are very narrow in Xantusia (Young, op. cit.) 
and absent in Chamaesaura (du Plessis, op. cit.). 

The hind-wall of the capsule, the planum antorbitale, is fused with the posterior 
ends of the paraseptal cartilages, and is laterally fused with the side wall of the capsule. 
The floor of the planum antorbitale is not so well-developed in P. rangei as in O 
karroica, but in neither case does it form a stout floor (Fig. 1A and B). 

The cartilago ectochoanalis is also a derivative of the zZona annularis and it 
forms the lateral border of the choanal opening as described for Platydactylus 
(Hafferl, 1921), and Xantusia (Young, op. cit). In most other Lacertilian families 
the cartilagines ectochoanales are short and do not extend to the posterior border 
of the nasal capsule as in Cordylus (van Pletzen, 1946), Chamaesaura (du Plessis, 
op. cit.), and Gerrhosaurus (Malan, 1940). In P. rangei and O. karroica, as well as 
in Platydactylus (Hafferl, 1921), the cartilago ectochoanalis extends beyond the 
posterior border of the nasal capsule (Figs. 1A and B); it is also found in the closely 
related Xantusiidae as described by Young (op. cit.) for Xantusia vigilis. 


135 


Pe, 


ee 


In Xantusia (Young, op. cit.) the hind ends of the cartilagines ectochoanales . 
lie one on top of the other in a medial position behind the septum nasi. This is not. 


the case in Platydactylus (Hafferl, 1921), P. rangei, or 0. karroica, where the 
cartilagines ectochoanales lie separated from each other and remain in the lateral 
line, and also terminate some distance behind the planum antorbitale. 
The side wall of the nasal capsule is formed by a laterally situated dome-like 
structure which forms the antero-lateral wall of the organ of Jacobson. lt is fused 
anteriorly with the roof of the capsule forming the wall of the vestibulum. 'The 


lateral edge of the septomaxillary divides these two cartilages practically along the * 


whole length of the nasal capsule. 'This separation begins in the region of the 
lateral longitudinal groove of the glandula nasalis lateralis and continues back to 
the aditus conchae, and they soon unite again and the side wall of the capsule is 
once again complete. 

In both P. rangei and O. karroica the concha is present and projects into the 
nasal capsule, and the cavum conchale opens to the exterior by way of the aditus 
conchae. 'The glandula nasalis lateralis lies within the cavum conchale. 'The side 
wall of the nasal capsule is complicated by the presence of the concha nasalis forming 
an invagination with its mouth, the aditus conchae facing outwards. 

The roof of the nasal capsule is complete in both P. rangei and O. karroica 
except for the large foramen olfactorium situated posteriorly. In Gecko (Hafferl, 
1921) the fenestra superior nasi is absent, and this is also true for P. rangei and 
O. karroica. 

In O. karroica there are cartilaginous rudiments of the spenethmoid commissure 
extending from the roof of the capsule in a lateral position some way back and beyond 
the planum antorbitale (Fig. 1A). 

The processus maxillares posterior is present in both P. rangei and 0. karroica. 

It is short and not well defined. 'The processus maxillaris anterior is absent in both 
genera. 
The nasal passage, “* Vorhofzone” of Fuchs (1908), is fairly narrow and 
surrounded by a peculiar tissue common to lizards; Leydig (1872) was the first 
to describe the tissue lining the nasal vestibule of Lacerta. According to him it 
consists of a “ geschichtetes Pflasterepittel,” is allied to the outer epidermis, and 
contains no glands. 'The cutis layer resembles cavernous tissue (Born, 1879). 
Hoffman (1881) records the cutis tissue as consisting of fine elastic fibres between 
which occur blood vessels and simple blood lacunae, but containing no muscular 
elements. Lapage (1928), however, describes it as “* a tissue composed of smooth 
muscle fibres and blood sinuses in connective tissue.” 

“The cavernous cutis of the vestibule of all Lacertilians consists chiefly of 
spindle-like clearly nucleated cells, resembling smooth muscle fibres. Among these 
muscle fibres, sparsely distributed ordinary connective tissue cells and a large number 
of fibres occur. These latter are apparently elastic. 'The tissue is interspersed with 
large blood lacunae between which the cellular elements form columnar trabeculae.” 
(Malan, 1946). 


THE ORGAN OF JACOBSON 
The organ of Jacobson is encased in a capsule partly bony and partly cartilaginous 


(Broman, 1919). In @. karroica the organ is bounded anteriorly by cartilage and by 
the septomaxillary. 'Throughout its length, the organ is bordered dorsally by the 
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Figs. 2A and 2B 


Consecutive transverse sections through the anterior end of the organ of Jacobson of Oedura karroica. 


CPAR — cartilago paraseptalis; GLNL — glandula 'nasalis lateralis; LS — lymph space; N — 
nasal; OJ — organ of Jacobson; OOJ — opening of the organ of Jacobson; RLN — ramus lateralis 
nasi:; RMN — ramus medialis nasi; RVL — recessus ventrolateralis; SN — septum nasi; SPMX — 
septomaxillary; TN — tectum nasi; VO — vomer; VP — “ Vomerpolster ”. 


187. 


septomaxillary, which for the greater part of its length is flat. For a short distance 
anteriorly the organ is bounded laterally and medially by the septomaxillary and by 
cartilage. Ventrally it is bounded by the lamina transversalis anterior, forming its 
floor up to the opening of the organ into the buccal cavity (Figs. 2A and B, Figs. 4A 
and B, and Fig. 5). 'Thevomerslie beneath the lamina transversalis anterior. Behind 
the opening the floor is formed by the vomers and the paraseptal cartilages. 'The 
ventro-medial border is bounded by the cartilago paraseptalis and the rest of the 
medial facies is bounded by the septum nasi (Figs. 3A and B, Figs. 4A and B, and Fig. 
5). 

There is no lateral skeletal wall to the organ beyond its opening into the buccal 
cavity. This is due to the acute angle formed by the vomers with the septomaxillary 
(Figs. 3 and 5). 'The cartilago ectochoanalis does not play any part in the formation 
of the wall of the organ. 'There is no indication of the presence of a cartilaginous 
network or posterior support present in Gerrhosaurus (Malan, 1940) and Lacerta 
(Malan, 1940). 

The lamina transversalis anterior forms a cushion for the organ, which is also 

 termed the “* pilzfémiger Wulst ” of Gaupp, in the centre of the organ (Figs. 2 and 4). 
This is also present in Gerrhosaurus (Malan, op. cit.). 

The organ of Jacobson in P. rangei is on the whole very similar to that described 
for O. karroica. 'The lateral and medial walls are cartilaginous throughout. The 
maxillaries also play a part in the formation of the latero-ventral walls of the organ 
in the area immediately anterior to the opening of the organ into the buccal cavity. 

The organ of Jacobson in P. rangei and 0. karroica shows similarity to that of 
Acontias (de Villiers, 1939) in the presence of a recessus ventro-lateralis which is to 


be considered as a great rarity among the Lacertilia. 'This recessus of the Geckos 
never becomes roofed to form a tube, as in the case of Acontias, but remains an open 
groove. Anteriorly it lies ventro-laterally to the organ, but more posteriorly it is 
very distinctly demarcated from the main body, but retains its opening to the exterior 
by way of the “* Choanenspalten ” (Figs. 2, 3, 4 and 5). 

Through each foramen apicale, situated on the medial side of each cartilago 
Cupularis, passes the ramus medialis nasi, a branch of the ramus opthalmicus Va; 
it is through these foramina that the rami mediales nasi penetrate the nasal capsule. 
The ramus medialis lies on each side of the nasal septum and passes backwards until 
it leaves the nasal capsule by way of the foramen olfactorium to the olfactory lobes. 

The ramus lateralis nasi runs from the olfactory lobes to a position on the inner 
side of the roof of the cartilaginous nasal capsule, and finally unites with another 
nerve lying on the dorsal surface of the concha nasalis. 'Theramuslateralis eventually 
migrates to a latero-medial postion by passing through the foramen epiphaneale, 
and finally comes to lie within the glandula nasalis lateralis. 


THE FILLING MECHANISM OF THE ORGAN OF JACOBSON IN P. RANGEI 
COMPARED WITH THAT OF O. KARROICA 


The expulsion of fluid and the refilling of the Organ of Jacobson is probably 
brought about by a similar manner to that described for Lepidosaurus by Broman 
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Figs. 3A & 3B : Consecutive transverse sections through the posterior end of the organ of 
Jacobson of Oedura karrdi.a. 

CECTO — cartilago ectochoanalis; DNL — ductus nasolacrimalis; GVP — glandula vomerales 

posteriores; MX — maxilla. For further references see Fig. 2. 
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Fig. 5 


Figs. 4A and 4B, and Fig. $: Consecutive transverse sections through the region of the organ 
of Jacobson of Palmatogecko rangei. For references refer to Figs. 2 and 3 


(1919). It is obvious that the vomers play a very important part in this process, 
these bones being trough-shaped for a considerable portion of their length, especially 
in the region of the organ of Jacobson. They possess vertically and laterally directed 
lamellae; in the middle region of Jacobsonm's organ, the two vertical ones are held 
together by means of strong connective tissue (Figs. 4 and 5). 

There is a lymph space separating the ventral edge of the nasal septum from the 
dorsally projecting tips of the vertical lamellae (Figs. 2, 3, 4 and 5). 'The lateral 
lamellae lie dorsal to the lamina transversalis in the anterior region of the organ, but 
posterior to the opening of the organ into the buccal cavity, the vomers alone form 
the floor of the organ. 

The medio-ventral aspect of the zona annularis is closely applied to the floor of 
the organ; it projects into the lumen of the organ and forms the so-called ** pilz- 
férmiger Waulst.” 

The presence of the lymph space above the vomers has given rise to the idea 
that these bones can be displaced dorsally by pressure applied to the palatal roof. 
This pressure on the vomers will also affect the zZona annularis, which will then be 
displaced dorsally, such displacement causing a reduction in the size of the lumen and 
bringing about an expulsion of the fluid content. 

The upward thrust of the palate caused by an external pressure will only affect 
the medio-ventral wall of the organ; the whole organ is not displaced because of the 
very stable attachment of the septomaxillary to the cartilage. 
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The septomaxillary is so shaped that the medial edge interlocks with a projection 
of the nasal septum. The lateral edge is bifurcated, the dorsal fork lying above and 
the ventral fork below the concha; in this way the septomaxillary is rigidly attached 
and no upward movement is possible (Figs. 2, 3, 4 and 5). This conseguently prevents 
any upward movement of the underlying organ. 

The actual expulsion of the fluid from the organ depends greatly upon the area 
where the pressure is applied: this will be clearly seen when the mechanism is 
compared with that of O. karroica in which the vomers are fused. For example, 
if a pressure is applied to the palate immediately below the organ on the left-hand 
side, the effect will be felt principally in the organ on the same side. 'There is a certain 
degree of flexibility between the two vomers, and, because of this, the other organ 
will not be greatly affected. 

If a pressure is applied directly in the middle line, both organs will be affected, 
but not to such an extent as when pressure is applied to each organ individually, since 
greater force is reguired to displace two unfused vomers. 

On the release of pressure, the vomers will return to their normal position (as 
will also the zZona annularis) and so cause a partial vacuum in the lumen. Fluid will 
then be sucked into the lumen from the buccal cavity and from the ductus nasolacri- 

malis, which opens into the “* choanen-spalte.” 

The main features described for P. rangei also apply to O. karroica, such as the 
stability of the septomaxillaries, the lymph space below the septum nasi, but a 
difference lies in the vomers. In O. karroica they are fused throughout their length 
and form a flat ventral wall to the palate, and conseguently the filling mechanism 
of the organs will be altered. 

If pressure is applied to the vomer underlying the left organ, something totally 
different will take place from what occurs in P. rangei. With an upward thrust the 
left organ will be affected in that the lumen will be decreased in size, and the fluid 
content will therefore be expelled. In the right-hand organ, on the other hand, 
the lumen will be increased in size by the pulling down of the vomer on that side, and 
this will cause the organ to be filled from the ductus nasolacrimalis and the buccal 
cavity. 'The action of the vomer can be compared with that of a “* see-saw.” If 
pressure is applied in a medial aspect the effect will be the same as seen in P. rangei. 


THE GLANDS OF THE BUCCAL CAVITY 


Fahrenholz (1937) gives the most complete and accurate account of the glands 
of the buccal cavity and it is this work that forms the basis of the following description. 

1. Glandulae linguales. Tn P. rangei and O. karroica the secretory cells are 
typically goblet-shaped and are situated in crypts on the dorsal surface of the tongue; 
similar conditions are found in Chamaesaura (du Plessis, op. cit.) and Cordylus 
(van Pletzen, op. ei 

2. Glandulae labiales inferiores. "These glands are found in both P. rangei 
and O. karroica; they are not very large but are polystomatic, and lie on the lateral 
side of the teeth of the lower jaw. 'The glands extend right to the tip of the lower 
jaw, and anteriorly they open on to the dorsal surface. Anteriorly the left and right 
sides fuse, but, a little further back, they divide into left and right halves in the region 
of the symphysis. 

3. Glandulae labiales superiores. 'These glands do not occur in P. rangei and 
O. karroica, nor are they found in Cordylus (van Pletzen, op. cit.), but are present 
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in Sphenodon, chamaeleons and snakes, and a few lacertilians, viz, Amphisbaenidae, 
and are genus of the Agamidae-Uromastrix; they have recently been foimd in Agama 
atra (Ferreira, in manuscript). 

4. Glandulae mandibulares mediales. 'These are large polystomatic glands 
lying on the floor of the oral cavity. 'They are well developed in P. rangei, lie behind 
the mental symphysis, and open under the tongue. 

In the region of the symphysis, the left and right sides are closely applied, and 
appear as a single gland lying in the middle of the floor of the oral cavity; further 
back they separate and come to lie one on each side of the middle region. 'These 
glands open under the tongue at irregular intervals throughout their length. They 
finally disappear in the region of the suspensorium. 

The glandulae mandibulares laterales are a continuation of the gg. mm. mediales 
which, as stated above, become divided into right and left portions behind the region 
of the symphysis. 'These glands open medially into the “* cavum proprin ” (Fahren- 
holz, op. cit). These conditions are found both in P. rangei and O. karroica as well 
as in Cordylus (van Pletzen, op. cit.). 

These glandulae mandibulares laterales are small polystomatic glands lying 
lateral to the medial glands on the inner side of the teeth, but are probably fused with 
the mediales. 

5. Glandulae crico-arytenoideae. 'These glands occur in the region of the glottis, 
are much smaller than the glandulae linguales, and are situated in crypts. Anteriorly 
they form an area covering the glottis, and posteriorly they take up a position lateral 
to the glottis. 

7 In O. karroica these glands are not so well developed as in P. rangei but are 
nevertheless present in a similar position. 

6. Glandulde vomerales anteriores. In O. karroica and P. rangei these glands 
are polystomatic, lie on the palate, and are situated in front of the openings of the 
organ of Jacobson. 'The glandulae vomerales posteriores lie in the inverted trough 
formed by the vomers. 'These vomeral glands are also present in Cordylus (van 
Pletzen, op. cit.) and Chamaesaura (du Plessis, op. cit.). 

7. Glandulae sphenopterygoideae. 'These glands are situated on the lateral 
walls of the “* nasengaumenspalte ” (Fuchs, op. cit.), and are composed of a glandular 
epithelium which in both species begins in the choanal groove — “* Choanenspalten ” 
of Fuchs (op. cit.) — and also in the orbital grooves — '* Orbitalmulde * of Fuchs. 
The glandular tissue extends below the palatines and pterygoids. 


THE OSTEOLOGY OF THE SKULL OF P. RANGEI AS COMPARED WITH 
THAT OF O. KARROICA 


The pattern of the skull is normal, but there is a considerable reduction in the 
bones of the temporal region and in the orbital region. 'There is no superior temporal 
arch. Tn the orbital region the jugal, lacrimal, and postorbital are missing, the last 
of these is possibly fused with the postfrontal to form the postfronto-orbital (Camp, 
1923). 

“N teeth have not been reproduced in the graphic reconstructions of the skulls; 
their lateral borders are attached to the medial margins of the jaw bones (Versluijs, 
1924), a condition found in most lizards. 

The premaxillaries. These bones have become fused and are represented as 
a single median element. Ventrally the posterior region of the bone is extended as 
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two laterally directed processes. Dorsally the premaxillary is produced backwards 
as aridge appearing T-shapad in transverse section; this is called the processus nasalis 
by EI-Toubi (1938). On each side of the ridge lie the cartilagines Cupulares.  Poster- 
iorly the dorsal and ventral portions of the premaxillary diverge and become widely 


separated. , 
On the ventral side there is a small suture in the middle line (Fig. 9), which 


possibly indicates the original paired condition of the bone. A paired premaxillary 
has been described in the skinks by Kingman (1932). This fissure extends for 
approximately 105u: no nerve or blood vessal passes through it; in cross-section 
two halves seem to be connected by cemented tissue. 
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Fig. 6 
Graphic reconstruction of the skull of Oedura karroica, norma ventralis. (The teeth are not 
reconstructed). 


BOC — basioccipital; BSPH — basisphenoid; BTRP — basitrabecular process; EXO — exoccipi- 
tal; FRO — frontal; HYPOFEN — hypophysial fenestra: MAX — maxilla; PAL — palatine; 
PAR — parietal; PMX — premaxilla; POF — postfrontal; PPPF — posterior process of the 
prefrontal; PROOT — prootic; PT — pterygoid; O@ — guadrate; SOS — solum supraseptale; 
TM — taenia tecti medialis; TRC — trabecula communis; TTM — taenia tecti marginalis; 


TV — transversum; VO — vomer. 
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Graphic reconstruction of the skull of Oedura karroica, norma dorsalis. 


CUP — cupola; EPT — epipterygoid; IB — inner bone; NA — nasal; PF — prefrontal. For 
further references see Fig. 6 


The premaxillaries of O. karroica are similar to those of P. rangei, but there are 
a few differences: the suture is absent, and there is a ventro-medial process which is 
absent in P. rangei (Fig. 6). In both lizards studied, the premaxillary forms a suture 
with the maxillary and the nasals. 

The maxillaries. These are elongated bones forming the lateral borders of the 
jaw. Anteriorly the maxillary forms the lateral floor of the palate (“ Gaumenplatte *”), 
as well as the ventral process bearing the teeth on the medial face (Fig. 9). Not 
far back from the snout, the maxillary has a dorsal flange which forms the side-wall 
of the nasal capsule. This dorsal process makes contact, and forms a suture, with 
the nasal, frontal, and prefrontal, which it overlies in the anterior region (Fig. 8). 
Ventrally the." Gaumenplatte ” forms a suture with the premaxillary and the vomer, 
and it also forms a support for the choanal cartilage. , 

The posterior ends of the maxillary extend some distance back, and lying on top 
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of them are the ossa transversa as well as the posterior process of the prefrontal which 
has become detached from the main body (Fig. 8); this will be dealt with in the . 
discussion of the prefrontal. 

The maxillary resembles that of O. karroica. 'There are, however, some points 
of difference: in O. karroica the posterior process of the prefrontal lies along the whole 
length of the maxillary. This condition indicates that the separate bone on the 
maxillary in P. rangei is probably the posterior extension of the posterior process of 
the prefrontal. 

The septomaxillary. This is a membrane bone (de Beer, 1937). Anteriorly it 
forms the floor of the nasal passage, further back it still persists as the floor to the 
nasal vestibulum, but also becomes the roof of the organ of Jacobson. 

The medial edge of the septomaxillary is applied to the septum nasi by means 
of dorsally and ventrally directed processes lying above and below the crista on the 
sides of the septum nasi (Figs. 4 and 5). 'The crista also occurs in the skinks (Rice, 
1920), is present but poorly developed in Xantusia (Young, op. cit.), and is absent in 
Acontias (de Villiers, 1939). 

The septomaxillary, on its medial edge between the dorsal and ventral processes, 
bears a groove in which, for a short distance, lies the ramus mediales nasi (Figs. 4A 
and B). In Platydactylus (Hafferl, 1921) the septomaxillary is also grooved on the 
medial surface resting against the septum nasi. 

The lateral edge of the septomaxillary is bifurcated (Figs. 4A and B): the upper 
prong lies dorsal to the anterior part of the concha nasalis, and the lower lies ventral 
to it (Figs. 4 and 5). At the extreme posterior end, the septomaxillary is divided 
into two, and a small medial portion lies alongside the septum nasi, while the lateral 
portion forms a bony covering to the medial surface of the concha. 

The septomaxillary, as seen in O. karroica, conforms to the general pattern as 
described for P. rangei. 'There are, however, a few differences worthy of mention. 
Anteriorly the septomaxillary is divided into lateral and medial portions which 
unite above the anterior end of the organ of Jacobson. 'The dorsal projection on the 
medial border of the septomaxillary is much longer than in P. rangei, and 
the vestibulum is bounded medially and ventrally by the septomaxillary for some 
distance; the ventral process is practically absent. 'Thelateral edge is not so distinctly 
bifurcated as in P. rangei, but is nevertheless firmly attached to the anterior part of 
the concha (Figs. 2 and 3). 

The ramus medialis nasi runs in a bony tube formed by the septomaxillary. 'This 
condition is also found in Chalcides guentheri (Haas, 1936), Ablepharus pannonicus 
(Haas, 1935), and Xantusia (Young, op. cit). This tube extends for only a short 
distance, and then becomes an extremely deep groove opening by way of a small 
medial fissure (Figs. 2 and 3A). Posteriorly the septomaxillary is divided into medial 
and lateral processes, the medial one lying along the septum nasi and the lateral 
portion forming the inner bony wall of the concha. 

The vomers. In P. rangei the vomers are paired; anteriorly they are widely 
separated and they originate below the lateral margin of the septum nasi or beneath 
the anterior margin of the lamina transversalis anterior, and lie above the medial 
edge of the palatal process of the maxillary. A little farther back they become applied 
to the lamina transversalis anterior and become trough-shaped, with the trough 
facing dorsally. Posterior to the opening of the organ of Jacobson into the buccal 
cavity, the two halves become closely applied to each other and are joined by strong 
connective tissue (Figs. 5 and 9). 
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At a level posterior to the organ of Jacobson, the left and right halves of the 
vomers are seen to be interlocking, and are bound together with dense connective 
tissue (Fig. 5). Because of this condition, it is not certain whether the dense connec- 
tive tissue joining the two sides permits of any movement. 

In the posterior region the trough is more accentuated, and in its bottom lie 
the nervus palatinus and the arteria carotis interna, which were originally on the 
vental side of the vomer. The postero-lateral region of the vomers extends back for 
a short distance, but is never in contact, or forms a suture, with the palatines. 
Anteriorly the vomers form a suture with the palatal process of the maxillaris, but 
not with the premaxillaries (Fig. 9). 

In O. karroica the vomers are fused (Fig. 6): this condition is also found in 
Xantusia (Young, op. cit.); in Platydactylus (Hafferl, 1921) they are fused anteriorly, 
lying below the anterior end of the zona annularis; on the side of this median element 
two small bones arise, but these later become fused with the former elementand a 
continuous palate results. 

Medially the vomer is in the form of an inverted trough in which lie the glandulae 
vomerales. Laterally the vomers are trough-shaped, but the trough faces dorsally, 
and in it lie the nervus palatinus and the arteria carotis interna; these have passed 
through a foramen from a ventro-medial aspect of the vomer. 

Postero-laterally the vomer extends back as two processes lying above the antero- 
medial processes of the palatines, but not forming a suture with them. Anteriorly 
the vomer articulates with the palatal process of the maxillary, and it is also closely 
applied to the lamina transversalis anterior, and, more posteriorly, with the cartilago 
paraseptalis. 

The nasals. 'The nasals in P. rangei are paired (Fig. 8), and first appear as 
bony splints, when seen in sections, lying obliguely on either side of the disappearing, 
unpaired premaxillary in a deep groove formed by the nasal cartilages. This is also 
the case in Gerrhosaurus (Malan, 1940). Posteriorly the nasals overlie the anterior 
end of the fused frontals, and, apart from the premaxillary, this is the only other 
bone coming into contact with the nasals. 

In O. karroica the nasals show a condition similar to that described for P. rangei, 
and they also form a bony covering to the tectum nasi; anteriorly the nasal is paired 
in the region of the premaxillary. Posterior to the latter, they become fused and 
form a plate over the tectum nasi (Fig. 7). 'Thereafter the nasals overlie the anterior 
portion of the frontals. At the extreme posterior end, the two nasals diverge, and 
each lies in a groove on top of the frontal. 

The prefrontals. In P.rangeithe prefrontals are large bones forming the anterior 
border of the orbit; they form a suture with the processus dorsalis of the maxillary 
lying above the anterior edge of the prefrontal (Fig. 8). 'The prefrontal extends back 
laterally and medially; the medial process lies along the lateral border of the frontal, 
and the posterior along the dorsal side of the maxillary, but, as shown in Fig. 8, it 
does not extend as far back along the masxdllary as it does in O. karroica. . 

In P. rangei there is a splint-like bone lying on the dorsal surface of the maxillary, 
but it is not connected with the posterior process of the prefrontal (Fig. 8). lt may 
be assumed that this bone has been dissevered from the main prefrontal, and it can 
be compared with the posterior process of the prefrontal in O. karroica. 

In O. karroica the prefrontal is very similar to that of P. rangei except that its 
posterior process lies along the dorsal surface of the maxillary for its whole length 


(Fig. 7). 
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Fig 8 
Graphic reconstruction of the skull of Palmatogecko rangei, norma dorsalis. 
SOC — supraoccipital; ST — stapes. For further references see Fig. 6. 
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The lacrimal. 'This bone is absent in both P. rangei and O. karroica. lt is also 
absent in Chamaesaura (du Plessis, op. cit.) and Xantusia (Young, op. cit.). The 
ductus nasolacrimalis is supported medially by the palatal process of the maxillary, 
which very probably represents an incorporated lacrimal. 'The duct passes outside 
the skull and lies lateral to the prefrontal, and finally lies on top of the posterior 
process of the prefrontal. 

The os transversum. 'The anterior end of the transversum lies on top of the 
maxillary, and a little farther back it lies above the medial edge of this bone (Fig. 8). 
In P. rangei it is more or less triangular in transverse sections. 'The posterior end of 
the bone is grooved ventrally, and in this groove lies the antero-lateral process of 
the pterygoid; as the latter broadens out, it forms a support for the posterior extremity 
of the transversum. 'The transversum forms a suture with the maxillae anteriorly, 
and with the pterygoid posteriorly. 

Lying alongside on the lateral aspect of the transversum is a rod of cartilage which 
will be discussed later. 

In O. karroica, the transversum lies above the maxillary on the medial edge, 
and the lateral edge of the transversum is bordered by the posterior process of the 
prefrontal (Fig. 7). 'The posterior extremity of the transversum becomes laterally 
grooved, and in this groove lies the antero-lateral process of the pterygoid. Still 
farther back the transversum becomes bow-shaped in cross-section, and at the extreme 
posterior end it becomes bifurcated, the ventral fork being short, while the dorsal 
extends for some distance along the dorso-lateral edge of the pterygoid. 

The frontals. Camp (1923), in his discussion on the fusion of the median skull 
elements, states that the frontals are paired in some Gekkonidae. 'This condition is 
encountered in both P. rangei and O. karroica. In P. rangei the fused frontals form 
a large roofing bone in the orbital region. Anteriorly the bone is broad, and lies 
medially beneath the nasals and laterally beneath the dorsal process of the maxillary 
(Fig. 8). Behind this maxillary process the lateral margins of the frontals fit into 
a groove on the dorsomedial edge of the prefrontal. Anteriorly the frontals form 
a Suture with the nasals, with the dorsal processes of the maxillaries and the prefrontals 
(Fig. 8). 

It is interesting to note that the grooves on the side of the prefrontal are actually 
the areas where mesokinesis takes place in the skull, and so in P.rangeithe mesokinetic 
joint is well developed. ` The subject of kinesis will be dealt with more fully under a 
separate heading. 

The frontal, when seen in section in the region above the palatines, is unigue in 
being tube-shaped, and in the tube lie the olfactory lobes. At the anterior end of 
the tube, and projecting from the ventro-lateral edge, are two processes joined to the 
palatines by strong connective tissue. At the narrowest part of the frontal, the bone 
is triangular in transverse section and is practically solid except for a very narrow 
cylinder. 'The flat dorsal surface of the bone spreads out posteriorly, the tube disap- 
pears, and the posterior end forms a broad plate. £ 

The ventral margins of the frontals are fairly broad at the posterior end, and 
there is also a processus descendens frontalis at the end of which lies the taenia tecti 
marginalis. 'The frontal ends in a broad rim to form a suture with the anterior 
margin of the parietals. 'The posterolateral margin of the frontal forms a suture with 
the anterior process of the postfrontal (Fig. 8). 

In O. karroica the frontals are fused and are fitted in below the nasals. Anteriorly 
the frontal is fairly broad and forms a suture with the nasals. Antero-laterally there 
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Fig. 9 
Graphic reconstruction of the skull of Palmatogecko rangei, norma ventralis. 
reconstructed) CECTO -—  cartilago ectochoanalis; PBAPT — processus 


PBAS — processus basalis. For further references refer to Fig. VI. 


150 


(The teeth are not 
basipterygoideus; 


is no connection with the processus dorsalis of the maxillary. 'The lateral margins 
of the frontals are grooved for almost their total length; in these grooves lie the 
medial margins of the prefrontals (Fig. 7). This is also part of the mechanism 
permitting mesokinesis of the skull. While in P. rangei the prefrontal is grooved, 
the frontal is grooved in O. karroica. 'The frontal also has the tube configuration 
as described for P. rangei. Posterior to the end of the tube, the dorsal surface of 
the bone broadens rapidly and forms a wide connection with 'the paired parietals. 
The postero-lateral margins of the frontals form a suture with the anterior process 
of the postfrontal. (Fig. 7.) 

The parietals. 'These bones are usually fused and, according to Camp (1923,) 
they are paired in certain Gekkonidae only, this actually being the case in both 
P. rangei and 0. karroica (Figs. 7 and 8), as well as in the Uroplatidae and Xantusidae. 
The parietals form a roof over the brain; anteriorly they form a suture with the 
posterior margin of the fused frontals. In P. rangei the antero-lateral margin is 
produced into a lateral process forming a suture with the posterior medial process of 
the postfrontal (Fig. 8). 

Posteriorly the parietals are produced into the processus laterales posteriores; 
they are present in Gerrhosaurus (Malan, 1940), Chamaesaura (du Plessis, op. cit.), 
and Platydactylus (Hafferl, 1921). Median processes are absent, as in Xantusia 
(Young, op. cit.), but are present in Gerrhosaurus (Malan, 1940), and Chamaesaura 
(du Plessis, op. cit.). The “inner bone” (to be dealt with more fully below) lies 
along the lateral margin of the processus lateralis posterior. 'The parietal in O. 
karroica is stmilar to that of P. rangei (Fig. 7). 

From a ventral view of the parietals in P. rangei, the processus descendens ossis 
parietalis appears in the region of the processus ascendens (epipterygoid or alisphe- 
noid); in a few sections, too, the taenia tecti marginalis is visible. 

The ventral side of the parietal in O. karroica is similar to that of P. rangei, 
except that the processus descendens ossis parietalis is practically confined to the 
latero-ventral margin, while, in P. rangei, it does not lie along the edge, but is situated 
more medially. 'The taenia tecti marginalis is present throughout, and extends along 
the ventral edge of the processus descendens ossis parietalis until it becomes fused 
with the prootic. 

The palatines. In P. rangei they are large, fairly flat bones; anteriorly they do 
not form a suture with the vomers (Fig. 9). 'Throughout their length the palatines 
remain flat, and are not grooved in the middle as is so often the case in the lacertilians. 
They are placed at an angle, and the medial margin is higher than the lateral margin. 
The postero-medial margin lies above the antero-medial margin of the pterygoid. 

In O. karroica the palatines are similar to those of P. rangei but are slightly 
grooved on the dorsal surface. Anteriorly the palatines have distinct medial and 
lateral processes; the medial is fairly long and narrow and lies against the latero- 
posterior process of the vomer, while the lateral forms a suture with the medial 
margin of the maxillary. Posteriorly the margin of the palatine is ventral to the 
anterior margin of the pterygoid. There are no teeth on the palatines (Fig. 6). 

The pterygoids. In P. rangei the pterygoids are fairly large and are divided into 
three distinct processes, two anterior ones (one medial and one lateral), and a posterior 
lying beneath the transversum, while the medial articulates with the posterior end 
of the palatine. (Fig. 9). 'The posterior portion of the pterygoid extends back as a 
long process which finally comes to lie beneath the guadrate. On the medial margin 
of the pterygoid, in the region of the epipterygoid, there is a plate of cartilage, the 
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meniscus pterygoideus, and, lying next to and articulating with it, is another piece 
of cartilage, the processus basipterygoideus, which is the cartilaginous base of the 
basitrabecular process of the basisphenoid. (Figs. 9 and 10A). 


The pterygoid, as seen in cross-section in the region of the processus ascendens, 


is sguare; on its dorsal surface it is grooved, this groove forming the articulatory 
surface for the ventral end of the epipterygoid (Fig. 10A). 

In O. karroica the pterygoid is practically the same as in P. rangei; anteriorly 
it articulates with the palatine and laterally with the transversum. Anteriorly the 
pterygoid is flat, but in the region of the epipterygoid it becomes oblong in cross- 
section, and on its dorsal surface there is a depression in which lies the ventral 
extremity of the epipterygoid, which is separated from the pterygoid by a synovial 
cavity, also present in P. rangei. 'There is also a synovial cavity between the meniscus 
pterygoideus and the processus basipterygoideus (Fig. 10B). 
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Fig. 10A 
Transverse section through the epipterygoid, shêwing its articulation with the pterygoid in Palmato- 
gecko rangei. 
BTRP — basitrabecular process; EPT — epipterygoid; MPT — meniscus pterygoideus; . PT — 
K pterygoid; SYNC — synovial cavity. 


The posterior process of the pterygoid is oval in cross-section and finally comes 
to lie beneath the guadrate. 'The pterygoids, like the palatines, are edentulous in 
both genera. 

The epipterygoid. 'The epipterygoid in P. rangei is a short bony structure 
extending obliguely upwards from the pterygoid towards the parietal. Tts cartilagi- 
nous dorsal epiphysis does not reach either the parietal or the taenia tecti marginalis. 
The parietal possesses a short, ventrally directed process, at the extremity of which 
lies the taenia tecti marginalis. 
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The dorsal epiphysis of the epipterygoid is not connected in any way with the 
parietal, and certainly does not “ articulate ” with it. 'The epipterygoid is attached 
to the prootic by a ligament as in Platydactylus (Hafferl, Op. cit.). 'The actual 
relation of the epipterygoid to the prootic will be discussed more fully under kinesis. 

Ventrally, where the epipterygoid fits into a pit on the dorsal surface of the 
pterygoid, cartilage of the processus ascendens persists; at the base of the pterygoidal 
pit lies a group of cartilage cells. De Villiers (1939) described a similar, though 
relatively larger piece of cartilage for Acontias meleagris, and regarded it as 
presumably a derivative of the processus ascendens. The only functional importance 
of this small piece of cartilage is that it seems to be a local persistence of cartilage 


Fig. JOB 


Transverse section through the dorsal epiphysis of the epipterygoid showing its relation tofthe 
prootic of Oedura karroica. 
é s ) ; N Te ' se id: 
EP — cartilagenous epiphysis of the epipterygoid; CT — connective tissue; EPT — epipterygoid; 
FAR — id PERD — periehegds Hs PDP — processus decendens; parietalis; POS — perio- 
stium; PROOT — prootic; TTM — taenia tecti marginalis. 
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Fig. I0C 


Transverse section through the epipterygoid showing its articulation with the pterygoid in Oedura 
karroica. For references see Fig. JOA. 


facilitating movement between the pterygoid and the epipterygoid. lt is obvious 
that movement is possible between these two bones, because of the presence of a 
synovial cavity between the cartilage at the base of the pterygoidal pit and the basal 
extremity of the epipterygoid (Fig. 10B). 

The epipterygoid of O. karroica is similar to that of P. rangei. 'The dorsal 
epiphysis of the epipterygoid and its relation to the processus descendens oOssis 
parietalis, and the taenia tecti marginalis, as well as the prootic, are shown in Fig. 10B. 

The parietal has no distinct processus descendens as in Xantusia (Young, op. cit.). 
The taenia tecti marginalis is closely applied to, and connected to, the processus 
descendens by means of connective tissue. It is remarkable that the dorsal epiphysis 
is neither connected to the parietal nor to the taenia except by a very thin piece of 
connective tissue. 

The relation of the dorsal epiphysis of the epipterygoid to the prootic will be 
discussed under the heading kinesis. In O. karroica, P. rangei, and Platydactylus 
(Hafferl, 1921), the epipterygoid is attached dorsally to the prootic, and not to the 
parietal as is found in other lacertilians. 

The base of the epipterygoid fits into the pterygoidal pit, and between it and the 
cartilaginous plate in the base of the pit is a synovial cavity, so articulation between 
the pterygoid and the epipterygoid can obviously take place. 


THE TEMPORAL REGION 


The temporal regions in P. rangei and O. karroica are identical and will be dealt 
with simultaneously. 'The temporal region of geckos has, among those of others, 
been discussed by Camp (1923), Broom (1935), and Brock (1932), all of whom have 
come to the same conclusion. 

The superior temporal fossa is absent (Figs. 7 and $); this is also the case in 
Xantusia (Young, op. cit). Camp (1923), in his classification of the lizards, states 


154 


that the condition found in the geckos is brought about by the fusion of the sguamosal 
to the lateral border of the parietal; this according to Young (op. cit.) is what is 
about to occur in Xantusia. 

Fither the postfrontals or the postorbitals have disappeared, or these two bones 
have become fused to form an element lying on the lateral border of the fronto- 
parietal suture, and fringing the frontal. 

There has been considerable discussion as to the homology of the sguamosal 
bone. It is not necessary to discuss the problem at length, as it has been dealt with 
by several workers, e.g., de Villiers (1939), Brock (1935), Malan (1940). In this 
paper ** inner bone ” will be used for the supratemporal or tabular, and “* outer bone ” 
for the sguamosal. 

In the Geckonidae there is ly one bone present, and this has been called the 
“* inner bone ” by Camp (1923); Brock (1932) and Broom (1935) also support him 
in his conclusions. Camp states that “* as in Heloderma and the geckos the tmporal 
arch is absent but a small triangular rudiment of the sguamosal lies alongside a large 
tabular in Heloderma. 'The sguamosal or * outer bone ' has been reduced to less 
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'Transverse section through the skull base in the region of the fenestra ovalis of Palmatogecko rangei. 


ACI — arteria carotis interna; AMRST — aptura medialis of the recessus scalae tympani; BOC — 
basioccipital; BSO — bony sguama; FENC — fenestra cochleae; FENO — fenestra ovalis; 
FENR — fenestra rotunda; NAC — nervus acusticus; PROOT — prootic; ST — stapes. 
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than half the size of the “inner bone ` reversing the usual situation, and the * inner 
bone ' remains unchanged despite the reduction of the temporal arch. It would 
seem that in the geckos also a reduction of the * outer bone ` must have accompanied 
the reduction of the arches and that the bone remaining is the * inner bone” as its 
relation with the large head of the guadrate would indicate.” Camp (1923) also 
states that the parietal might have become enlarged laterally, thus obliterating the 
temporal fossa. This is what is about to occur in Xantusia where both ** inner ” 
and “* outer bones ” are present. If the “* outer bone ” were to disappear in Xantusia 
we would find exactly the condition existing in the geckos. But, should the “* inner 
bone ” disappear, geckonid conditions would not arise, or presumably not without 
great corresponding reduction and shifting of the “* outer bone.” 

The otic capsule. 'The auditory capsule as seen in the adult appears as one 
element, but it is made up of component parts, which are distinguished by sutures 
and strips of cartilage between the individual elements. There are four bony elements 
distinguishable, viz, the prootic, supra-, and exoccipitals, which combine and make 
up the auditory capsule. Anteriorly the prootic is the only element present, but 
further back the other three elements become distinguishable. 'The supraoccipital 
joins the roof of the capsule, the basi-occipital its floor, and the exoccipital its side-wall 
behind the fenestra ovalis. 'The prootic not only forms the anterior part of the capsule 
but also extends back posteriorly to form part of the side-wall in front of the fenestra 
ovalis. Posteriorly the exoccipital is extended laterally to form a ledge, the crista 
parotica. According to Versluijs (1936) the opisthotic forms a greater part of the 
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Fig. 12 


Transverse section through the auditory region of Palmatogecko rangei. 


ACT — arteria carotis interna; BOC — basioccipital; CHT — chorda tympani; EXTC — extra- 
columella;. FENO — fenestra ovalis; IB — inner bone; PLPAR — processus lateralis of the 
parietal; O — guadrate; ST — stapes; TYM — tympanum; VCL — vena capitis lateralis. 
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Fig. 13 
Transverse section through the auditory region of Oedura karroica. 


EXO — exoccipital; NAC — nervus acusticus; SOC — supraoccipital; STFP — stapedial foot- 
plate. For further references see Fig. 12. 


Crista parotica, but as there is no sign of a suture in the adult, and since the crista 
is formed by the exoccipital, it may be concluded that the opisthotic and the exoccipital 
have become fused during the ontogeny. 

The fenestra ovalis lies between the exoccipital behind and the prootic in front, 
and is surrounded by a cartilaginous ring (Haas, 1935) (Fig. 12). This cartilaginous 
ring is a continuation of the cartilaginous strip between the prootic and the exoccipital. 

In ?. rangei (to which the above description also applies), there is no intercalary. 
Tt is present in most lacertilians, e.g., Gerrhosaurus, Xantusia, Chamaesaura, etC.: 
in these genera it lies between the guadrate and the crista parotica. 

Brock (1932) states that the shaft of the columella has two processes: a dorsal 
extending to the prootic process, where its distal end forms an intercalary piece 
between the prootic process and the guadrate, and the processus internus, which is 
connected with the posterior face of the guadrate. In Lacerta the dorsal process 
dwindles to a ligament at the end of the embryonic life leaving an intercalary isolated 
between the guadrate and the parotic process. In Agama the dorsal process is 
complete in a later stage of life. 

In the gecko Lygodactylus there is no dorsal process nor a processus internus 
on the shaft of the columella auris, and the chorda tympani passes down the mandibula 
well in front of the auditory bones. Brock (1932) states that she has not observed 
a discrete intercalary cartilage in either Pachydactylus or Lygodactylus. Versluijs 
says that a discrete intercalary is present in Uromastrix, but not in the geckoes. 
He considers the loss of the processes on the shaft of the columella auris as secondary, 
as they are present in fossil reptiles. 
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In both P. rangei and O. karroica the processus dorsalis is absent, as is also the 
intercalary. It can be safely stated that the loss of the processes and of the intercalary 
is secondary; the geckonid skull may then be described as secondarily autostylic. 

The sound conducting apparatus is basically the same as in all other lacertilians. 
There is the stapes ending in a footplate, which lies in the fenestra ovalis, this plate 
being encircled by a strip of cartilage. There isa cartilaginous extrastapedial region, 
which is laterally attached to the tympanum, this attachment being strengthened by 
the presence of the pars inferior and pars superior (Fig. 13). 

Owing to the loss of the processus dorsalis and the tendon that usually persists 
in other lacertilians, the chorda tympani, which is a continuation of the facial nerve 
after the palatine branch has been given off, does not pass along the stapes and up 
and round the tendon base laterally before finally passing downwards, but runs more 
directly downwards in front of the columella. Brock found the same condition in 
Lygodactylus and Pachydactylus. 


THE CRANIAL BASE OF P. RANGEI AND 0. KARROICA 


The cranial base is formed by the basisphenoid which is connected anteriorly 
with the cartilaginous interorbital septum, which bifurcates posteriorly into two 
trabeculae before uniting with the basisphenoid (Figs. 6 and 9). 'The presence of a 
cartilaginous interorbital septum extending anteriorly up to the baisphenoid is also 
a character of Chamaesaura (du Plessis, op. cit). Laterally, and facing obliguely 

`anteriorly, there are the basitrabecular processes terminating in cartilages, the 
processiis basipterygoidei. This basitrabecula process articulates with the meniscus 
pterygoideus on the inner face of the pterygoid, movement being possible between the 
two menisci (Figs. 6 and 9). 

The dividing line between the basisphenoid and the basioccipital is also indicated 
in section by a strip of persistent cartilage. 

Looking at the cranial base ventrally, it will be noticed that there is a strip of 
cartilage separating the prootic from the basisphenoid. 'This cartilage extends back 
postero-laterally and finally terminates in a knob-like enlargement. This posterior 
extension divides the prootic and the exoccipital from the basioccipital. At the 
extreme posterior end of the skull there is no definite suture indicating the boundary 
between the basi- and the exoccipitals (Figs. 6 and 9). 

The postero-lateral edge of the basioccipital in P. rangei is extended laterally 
as a bony splint terminating in a cartilaginous epiphysis, and lying on top of this is 
another small piece of cartilage that has no connection with any other skeletal element 
(Fig. 9). 1 have found no reference to this cartilage in other works on geckos or in 
Gaupp's work on Lacerta. - 

In P. rangei there are two bony sguamae lying in the region of the fenestra ovalis 
and the fenestra rotunda as well as the fenestra cochleae (Fig. 11), the sguamae are 
bound to the basioccipital by means of dense connective tissue. 

In O. karroica the posterior region of the skull was somewhat damaged and 
conseguently a detailed interpretation of the bones in this area was not possible. 

The guadrate. 'The surface of the lower articulatory facet of the guadrate is 

' cartilaginous. In sections through this region the guadrate is indicated by two osseus 
entities each lying in separate concave articulatory surfaces of the articular. 'The 
convex guadrate facet is, according to Versluijs (1912), the normal reptilian condition, 
but such is not the case, e.g., with Gerrhosaurus (Malan, 1940). 
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The guadrate roofs the tympanic cavity, the head lying closest to the crista 
parotica. The lateral free end of the guadrate is progressively replaced by Cartilage 
beginning from the medial edge. . 

Because of the firm attachment of the posterior process of the pterygoid to the 
ventral end of the guadrate, and when the pterygoid moves forwards by the contrac- 
tion of the musculus protractor pterygoidei, the guadrate is shifted forward, as it is 
not fused to the auditory capsule in the streptostylic lacertilian skull. 

The cranial kinesis. For a comprehensive account of the cranial kinesis the 
reader is referred to `* Das Streptostylie — Problem ” by Versluijs (1912). 
With a few exceptions, such as the aberrant chamaeleons, the burrowing skinks 
like Acontias (de Villiers, 1939), and the Amphisbaenidae, the majority of lacertilian 
skulls are of the type which Versluijs terms '* metakinetic”. According to this 
author, the oldest Sauropsida, e.g., some Cotylosauria, already possessed a metakinetic 
skull, so that such metakinesis is the primitive condition from which other types of 
kinesis and secondary akinesis have been evolved. 

The muscles connected with kinesis in lizards are the protractor pterygoidei 
and the musculus pterygoparietalis (musculus levator pterygoidei of Lakjer, 1927). 
The m. protractor pterygoidei is attached to the dorsal surface of the posterior process 
of the pterygoid, lying beneath the guadrate, and is inserted on the anterior end of the 
cranial base. The m.levator pterygoideiisinserted on the pterygoid and the meniscus 
pterygoideus, and it stretches thence to the dorsal attachment on the processus 
descendens ossis parietalis, to which it is fastened by means of dense connective 
tissue. 

The m. levator pterygoidei seems to serve as a means of lifting the pterygoid 
(Lakjer, 1927). Versluijs ascribes no explicit function to this muscle. 'The m. 
protractor pterygoidei serves to pull the pterygoid forwards, so that this bone and the 
guadrate must be capable of mutual movement. 

With the forward movement of the pterygoid it would be convenient to have 
an articulatory surface between the pterygoid and the cranial base, and this is provided 
for by the presence of a synovial cavity between the meniscus pterygoideus and the 
cartilaginous epiphysis of the processus basipterygoideus of the basisphenoid; 
movement is thus facilitated between these two elements. 

In a metakinetic skull the epipterygoid is loosely attached dorsally to the parietal, 
and it articulates ventrally with the pterygoid. 'The epipterygoid is loosely attached 
to the parietal in many lizards, e.g., Chamaesaura (du Plessis, op. cit.), Cordylus 
(van Pletzen, op. cit.), and Xantusia (Young, op. cit). 

In P. rangei the dorsal epiphysis of the epipterygoid is in no way attached to the 
parietal, nor does it articulate with the processus descendens ossis parietalis, but it is 
very firmly attached to the prootic by means of collagenous fibres. The dorsal end 
of the epipterygoid ends in a cartilaginous tip; it is dorsally capped with connective 
tissue which becomes detached from the epipterygoid and merges into the periosteum 
of the anterior end of the prootic. 'This ligament extends dorso-ventrally on each 
side of the cartilaginous dorsal epiphysis of the epipterygoid. 'The epipterygoidal 
epiphysis fits into a groove on the ventral side of the ligament attaching the epiptery- 
goid to the prootic. The prootico-epipterygoidal connection is one that combines 
strength with the possibility of maximal pivoting. 

The ventral end of the epipterygoid fits into a pit on the dorsal surface of the 
pterygoid and is separated from the latter by a synovial cavity (Fig. 10A), thus 
allowing movement between these two elements. 


159 


There is a muscle which is attached to the epipterygoid and extends postero- 
ventrally until it becomes inserted on the posterior extremity of the lower jaw in 
front of the articulatory surface of the guadrate. This muscle is called by Brock 
(1938) the adductor mandibulae internus, pseudotemporal division. 

The cranial bones are not firmly attached to one another, and conseguently 
movement between the nasals and frontals, and the frontals and the parietals, is 
possible; this is a mesokinetic movement. 'The parietal lies some distance above the 
prootic and is connected to the latter by means of connective tissue; thus metakinetic 
movement is facilitated between these two elements. 

In O. karroica the elements associated with kinesis are similar to those in ?. 
rangei. Both the m. protractor pterygoidei and the m. levator pterygoidei are 
present and well developed. The m. levator pterygoidei is inserted on the pterygoid 
and the meniscus pterygoideus; it extends dorsally and becomes attached to the 
ossified taenia tecti medialis; this extremity of the muscle becomes firmly attached 
to the processus descendens ossis parietalis. 'The muscle is not attached to taenia 
tecti marginalis, but directly to the processus descendens ossis parietalis, the taenia 
tecti marginalis lying medial to this connection. 

The m. protractor pterygoidei is not only attached to the anterior end of the 
cranial base but also to its lateral edge. 'The muscle in this region attaches to a 
bony extension of the basisphenoid; it is not only inserted on the posterior end of 
the backwardly directed process of the pterygoid, but is also attached to the posterior 
process for the same distance as it is attached along the cranial base. 

The posterior process of the pterygoid is connected to the ventral end of the 
guadrate by means of dense connective tissue in both P. rangei and O. karroica; 
there are therefore no persistent traces of that portion of the pars guadrata palato- 
guadrati between the processus oticus and the processus ascendens palato-guadrati. 

The attachment of the dorsal epiphysis of the epipterygoid of O. karroica is 
with the prootic, and is similar to that of P. rangei. 'The anterior end of the prootic 
is covered with ligamentous tissue, but it does not form a groove into which the dorsal 
epiphysis fits, as it does in P. rangei; but the attachment of the epipterygoid to the 
prootic is also by means of a strong ligament which allows pivoting movement of 
the epipterygoid in an anterior and posterior direction. 

The relation of the dorsal epiphysis to the prootic is figured in Fig. 10B. 

Movement between the cranial bones is possible as there is connective tissue 
separating the elements from each other. 'The frontals fit below the nasals and are 
laterally grooved, so that mesokinetic movement in this region is possible. There is 
also a wide gap between the posterior end of the parietal and the prootic, the inter- 
vening space being occupied by loose connective tissue. 'The space between these 
two elements is proportionately the same in both lizards. 

When the protractor muscle contracts, it will pull the pterygoid forward and drag 
the guadrate along with it, since this latter bone is joined to the posterior process 
of the pterygoid by means of dense connective tissue; this movement will shift the 
epipterygoid forward. 'The movement of the epipterygoid referred to occurs as a 
result of the primary displacement of the pterygoid. 'The nasals are displaced 
dorsally, and conseguently the whole of the nasal and cranial roof will have to move 
backwards, and sliding will take place over the prootic. 

Both O. karroica and P. rangei have metakinetic skulls, but, since metakinesis 
presupposes mesokinesis (also present in these genera), the skulls are actually 
amphikinetic. ' 
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According to Versluijs (1912) much of the pressure exerted on the cranial bones 
by the lifting of the nasal region is absorbed by the joints between the various elements 
of the cranial roof, so that movement in the metakinetic joint is restricted to displace- 
ment of the parietal against the supraoccipital, or prootic, as the case may be, ('“ eine 
kleine Stellungsinderung des Parietale gegen das Supraokzipitale: ” Versluijs, 1936, 
p. 744). 'This slight movement is facilitated by the relation of the parietal to the 
occipital, as previously stated. Movement here will cause a displacement of the 
lateral process of the parietal, and of the “' inner bone ” against the otic capsule. 

According to Versluijs (1912), kinesis is an adaptation associated with the 
possibility of a wider opening of the mouth necessitated by the animals? feeding upon 
fast moving prey. 

The lower jaw. Tn @. karroica the lower jaw has four elements; anteriorly 
there is the dentary, and more posteriorly appear three other bones lying inside the 
cylindrical dentary on the latero-ventral side of its cavity; two of these bones extend 
right back and form the articulatory surface for the guadrate. 

Soon after the appearance of the above bone, another element may be observed 
medial to the dentary; this is the splenial. Above Meckel's cartilage, and also 
inside the dentary cylinder, lies the coronoid; it emerges from the cylinder, increases 
considerably in size, and comes to lie lateral to the pterygoid and in close enough 
proximity with it to speak of an '* articulation ”. 

The composite bone referred to, the one forming the articulatory surface for 
the guadrate, is the fused gonial, angular, supra-angular, and articular. 

Meckel's cartilage: this lies in a canal formed by the dermal bones of the lower 
jaw; anteriorly it forms the cartilaginous mental symphysis. 

The lower jaw in P. rangei is very similar to that of O. karroica, th2 only important 
difference being that, whereas there are four elements in the lower jaw of O. karroica, 
there are five in P. rangei. 'The extra element in P. rangei lies on the postero-medial 
surface of the lower jaw, and in all probability it is the gonial, which has remained 
free in P. rangei, but has fused with the remaining elements to form the composite 
bone of O. karroica. 

As there are five elements present in P. rangei (dentary, coronoid, splenial, 
gonial, and the composite bone), it is safe to assume that the composite bone forming 
the articulatory surface of the guadrate is the fused articular -- angular -4- supra- 
angular. 

Cope (1892) states that the angular fuses with the articular (— articular - 
gonial) in the Gekkonidae, Liniidae, Acontias, Aniella, and the Amphisbaenidae. 
Camp (1923) maintains that the articular and prearticular (gonial) are fused in all 
the adult lizards he has studied. These two elements are separate in Cotylosauria 
and Pelycosauria. 


SUMMARY 


1 The cartilaginous nasal capsule is very similar to that of Xantusia and Platydacty- 
lus annularis. 

2 'The processus alaris superior is absent in O. karroica and may be represented in 
P. rangei by a narrow strip of cartilage linking the tectum with the solum.. 

3 The cartilago paraseptalis is present in both lizards, but is better developed in 
P. rangei. 
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4 The cartilago ectochoanalis is present and well developed, and extends beyond 
the planum antorbitale. 

$ The orbital region has very few bones, as in Xantusia, the lacrimal being absent, 

the prefrontal present and the postorbital and postfrontal fused. 

The nasals are fused in O. karroica and paired in P. rangel. 

The vomers are fused in O. karroica and paired in P. rangei. 

The processus descendens ossis parietalis is not well developed in either O. 

karroica or P. range. 

The dorsal epiphysis of the epipterygoid does not articulate with, or become in 

any way attached to, the processus descendens ossis parietalis. 

10 The epipterygoid is attached to the anterior face of the prootic by a very strong 
ligament. 

11 There is no temporal fossa, and the postorbitally situated bone and '* inner bone ” 
are not in contiguity; the skull is therefore gymnokrotaphic. 

12 The intercalary is absent as a discrete skeletal element. 

13 There is only one temporal bone, the “* inner bone”. 

14 The “ outer bone” or sguamosal is absent. 

15 The components of the auditory capsule are demarcated by means of strips of 
cartilage. 

16 The rostrum parasphenoidale is very short as in the Cordylid, Chamaesaura. 

17 The skull has meta- and mesokinetic joints and is therefore amphikinetic. 

18 The skull is streptostylic and kinocranic. 

19 The lower jaw in O. karroica has four elements and in P. rangei five. 
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COMPLETE LIST OF ABBREVIATIONS 


ACI — arteria carotis interna. $ 
AMRST -— aptura medialis of the recessus scalae tympani. 
BOC — basioccipital. 

BSPH — basisphenoid. 

BSO — bony sguama 

BTRP — basitrabecular process 

CCU — cartilago cupolaris. 

CECTO — cartilago ectochoanalis. 

GEP — cartilagenous epiphysis of the epipterygoid. 
GCHT — chorda tympani. 

CN — concha nasalis. 

CPAR — cartilago paraseptalis. 

GT — connective tissue. 

CUP — cupola 

DNL — ductus nasolacrimalis 

EPT — epipterygoid 

EXO — @xoccipital 

EXTC — extracolumella 

FA — foramen apicale 

FENC — fenestra cochleae 

FENO — fenestra ovalis 

FENR — fenestra rotunda 

FRO — frontal 

GLNL — glandula nasalis lateralis 

GVYP — glandula vomerales posteriores 
HYPOFEN — hypophysial fenestra 

IB — inner bone 

Is — lymph space. 

MAX — maxilla. 

MPT — meniscus pterygoideus. 

N — nasal. 

NAC — nervus acusticus. 

O]J — organ of Jacobson 

OOI — opening of the organ of Jacobson. 
PAINF — processus alaris inferior. 

PAL — palatine. 

PAR — parietal. 

PBAPT — processus basipterygoideus. 
PBAS — processus basalis. 

PCHO — perichondrium. 

PDP — processus decendens parietalis. 
PE — prefrontal. 

PLANT — planum antorbitale. 
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PLPAR — processus lateralis of the parietal. 


PMP — processus maxilaris posterior. 
PMO — premaxilla. 

POF — postfrontal. 

POS — periostium. 

PPPE — posterior process of the prefrontal. 
PROOT — prootic. 

PT — pterygoid. 

(@) — guadrate. 

RLN — ramus lateralis nasi. 
RMN — ramus medialis nasi. 
RVL — rTecessus ventro-lateralis. 
SN — septum nasi. 

SOC — supraoccipital. 

SOS — solum supraseptale. 
SPMDC — septomaxillary. 

ST — stapes. 

STEP — stapedial footplate. 
SYNC — synovial cavity. 

TM — taenia tecti medialis. 
TN — tectum nasi. 

TRC — trabeculae communis. 
TIM — taenia tecti marginalis. 
TV — transversum. 

TYMP — tympanum. 

VCL — vena capitis lateralis. 
VO — vomer. 

VP — “ Vomerpolster ” 

ZA — Zona annularis. 
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